of growth curves revealed that ERK3 kinase activity is ncessary for optimal post-natal growth. 48
To gain insight into the genetic basis underlying the discrepancy in phenotypes of different 49
Mapk6 mutant mouse models, we analyzed the regulation of genes flanking the Mapk6 locus by 50 quantitative PCR. We found that expression of several Mapk6 neighboring genes is deregulated 51 in Mapk6 lacZ mice, but not in Mapk6 KD or Mapk6  mutant mice. Our genetic analysis suggests 52 that off-target effects of the targeting construct on local gene expression are likely to be 53 responsible for the perinatal lethality phenotype of Mapk6 lacZ mutant mice. 54
INTRODUCTION

6
The perinatal lethality of Mapk6 lacZ mutant mice has precluded an analysis of the role of ERK3 125 in post-natal development and adult physiology. To circumvent this problem, we have generated 126 a conditional allele of Mapk6 by flanking exon 3 of the gene with loxP sites (Fig. 2A) . Two 127 correctly targeted ES clone were identified (Fig. 2B ) from which a single clone produced 128 chimeric mice that could transmit the floxed allele to the germ line. Deletion of exon 3 in the 129 kinase domain is predicted to disrupt the kinase fold and introduce a frameshift to yield a null 130 allele. To validate that we had created a conditional null allele of Mapk6, we crossed 131
Mapk6
flox/flox mice to Sox2-Cre transgenic mice to inactivate Mapk6 in the epiblast and resulting 132 embryo. Immunoblot analysis of E12.5 embryos confirmed the absence of ERK3 protein in 133
/ ( symbolizes the Cre-excised allele) homozygous embryos (Fig. 2C (Fig. 5A ). The 227 difference in body weight already reached statistical significance at day 5 and was maintained up 228 to the time of weaning ( Fig. 5A and B) . A similar phenotype was observed for Mapk6 KD/KD mice 229 ( Fig. 5C and D) . These results provide strong evidence that ERK3 kinase activity is necessary for 230 optimal post-natal growth in mice. Future studies will be required to understand the cellular and 231 molecular basis of this complex phenotype, and to evaluate its long-term physiopathological 232 impact. 233 234
Conclusions 235
We have generated two novel genetically-engineered models of Mapk6 mutant mice. We show 236 that ERK3 activity and expression are dispensable for perinatal survival, contrary to previous 237 findings obtained from the analysis of Mapk6 lacZ mice. We also unveil a novel role of ERK3 238 kinase activity in regulating post-natal growth. These mouse models will provide valuable tools 239 11 to study the poorly understood physiological functions of the atypical MAP kinase ERK3. The 240
Mapk6
KD mutant mouse will also be useful to genetically validate the selectivity of future small 241 molecule inhibitors of ERK3. Our findings also emphasize the importance of evaluating the 242 impact of targeted mutant constructs on local gene regulation and, whenever possible, to analyze 243 more than one mouse line harboring different mutant alleles for interpreting the phenotypes 244 associated with mutations in a specific gene. 245 246
MATERIALS AND METHODS 247 248
Generation of mouse mutants 249
To generate mice bearing a catalytically inactive allele of Mapk6, we introduced a mutation in 250 the essential AXK motif of the kinase domain in exon 2 by homologous recombination. Part of 251 exon 2 was amplified by PCR using primers containing a modified DNA sequence to change the 252 sequence coding for lysines 49 and 50 (AAG AAA) by a sequence coding for two alanine 253 residues (GCA GCA). A ScaI restriction site was also introduced to reassemble the mutated exon 254 2 in a pBluescript II cloning vector. Left and right arms of genomic DNA coding for intronic 255 sequences were PCR amplified and cloned upstream and downstream of the mutated exon 2. A 256 second right arm containing exon 3 was added downstream of the shorter right arm allowing to 257 insert an XhoI restriction site in which the neo R selection cassette flanked by loxP sites was 258 introduced. The targeting vector was linearized and electroporated into G4 mouse ES cells. 259
Recombinant clones were selected with G418 and screened by Southern blot analysis for 260 homologous recombination. One correctly targeted ES cell clone was injected into C57BL/6 261 blastocyst-stage embryos to produce chimeric mice, and was shown to transmit the mutant allele 262 to the germ line. 263
We generated a conditional Mapk6 allele by flanking the essential exon 3, which encodes kinase 264 subdomains VIII and IX, by loxP sites. Briefly, this was achieved by assembling left and right 265 arm genomic fragments containing exon 2 and exons 4 and 5, respectively, with exon 3 by 266
Gibson Assembly (New England Biolabs). An upstream loxP site was inserted in intron 2 267 upstream of exon 3 and an FRT-flanked neo R selection cassette followed by a second loxP site 268 was inserted downstream of the exon. The targeting vector was linearized and electroporated into 269 G4 mouse ES cells. Recombinant clones were screened as described above. A correctly targeted 270 ES cell clone was injected into C57BL/6 blastocyst-stage embryos to produce chimeric mice, and 271 germline transmission was obtained. 272
273
Genotyping and DNA sequencing 274 Genomic DNA was extracted using phenol/chloroform protocol and was subjected to PCR. 275
Mapk6
KD/KD genotyping was performed with the following priming sequences: wild-type and 276 kinase-dead allele CTG TTT CTG CCT CCC ATG TG; wild-type allele GAT AGA TTC ATC 277 TAT CTC TCC C: kinase-dead allele ATT CCA TCA GAA GCT ATA AAC TTC G. For 278 sequencing of the kinase dead allele a PCR reaction amplifying exon 2 of Mapk6 (priming 279 sequences GCT TTA AGT CTG AGG GGA AC and GCA GAA TGG ATA TAT TTG AG) was 280 first perform followed by Sanger sequencing using DNA analyser ABI 3730. 281 Male and female mice maintained on mixed C57BL/6/129/Sv genetic background were used for 292 these studies. For timed matings, pregnant females were sacrificed at gestation day 12.5 or 18.5 293 by CO 2 euthanasia and embryos were removed by caesarean section. Each embryo was weighted 294
and processed for further analysis. 295
296
Histology 297
Lungs were fixed in 10% formalin, embedded in paraffin, and sliced in 5-m thin sections. 298
Tissue sections were mounted on glass slides and stained with hematoxylin/eosin (H/E) using a 299 standard protocol. 300
301
Immunoblot analysis 302
Cell lysis and immunoblotting analysis were performed as described (6) 
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